
(12) United States Patent 

USOO9002861 B2 

(10) Patent No.: US 9,002,861 B2 
Asai et al. (45) Date of Patent: Apr. 7, 2015 

(54) MATCHING DEVICE AND USPC ........................................... 707/755: 71.9/318 
COMPUTER-READABLE STORAGE See application file for complete search history. 
MEDIUM 

(75) Inventors: Tatsuya Asai, Kawasaki (JP); Hiroaki (56) References Cited 
Morikawa, Kawasaki (JP); Shinichiro U.S. PATENT DOCUMENTS 
Tago, Kawasaki (JP); Hiroya Inakoshi, M 
Kawasaki (JP); Nobuhiro Yugami, 2010/0017397 A1* 1/2010 Koyanagi et al. ................. 707/5 
Kawasaki (JP); Seishi Okamoto, 2010.0057735 A1 3/2010 Srinivasan et al. ................ 707/6 
Kawasaki (JP) 

OTHER PUBLICATIONS 
(73) Assignee: Fujitsu Limited, Kawasaki (JP) 

A. Demers et al., “Cayuga: A General Purpose Event Monitoring 
(*) Notice: Subject to any disclaimer, the term of this System.” CIDR 2007: pp. 412-422. 

patent is extended or adjusted under 35 J. Agrawal et al. “Efficient Pattern Matching over Event Streams'. 
U.S.C. 154(b) by 119 days. SIGMOD; Jun. 9-12, 2008. 

k . 
(21) Appl. No.: 13/432,319 cited by examiner 

(22) Filed: Mar 28, 2012 Primary Examiner – Pierre Vital 
O O Assistant Examiner — Evan Aspinwall 

(65) Prior Publication Data (74) Attorney, Agent, or Firm — Fujitsu Patent Center 
US 2012/O290593 A1 Nov. 15, 2012 

(30) Foreign Application Priority Data (57) ABSTRACT 
A matching device builds a parse tree from an event pattern. 

May 12, 2011 (JP) ................................. 2011-1073.54 The matching device builds an automaton by, while travers 
(51) Int. Cl ing the parse tree, joining child nodes of an AND node in 

Goof i7/30 (2006.01) parallel to the AND node and joining child nodes of an OR 
(52) U.S. Cl node in parallel to the OR node. The matching device per 

AV e. we forms matching of determining whether an event stream 
CPC - - - - - - - - - - - - - - r G06F 17/30516 (2013.01) includes the event pattern by comparing the event stream with 

(58) Field of Classification Search the automaton. 
CPC. G06F 2201/86; G06F 17/27; G06F 17/272: 

G06F 17/30516; G06F 17/277; G06F 
17/30985; Y1OS 707/99936 10 Claims, 17 Drawing Sheets 

CY 14 
  



U.S. Patent Apr. 7, 2015 Sheet 1 of 17 US 9,002,861 B2 

FG.1 

EWEN SREAM WAC-NG SER 
GENERAOR ECE TERMINAL 

FG.2 

ACHNG SEWICE 

150 
CONTROL UN SORAGEN 

Sa 
OAA 140a 

COMMUNICATION AC{URNG EWEN: 
N NT PATERN 

T PARSE REE 
NPUT NT 

AUCAON 
DSPAY N 

eveNi - SREM 

  



U.S. Patent Apr. 7, 2015 Sheet 2 of 17 US 9,002,861 B2 

  



U.S. Patent Apr. 7, 2015 Sheet 3 of 17 US 9,002,861 B2 

FG.5 

a 1. 

  



U.S. Patent Apr. 7, 2015 Sheet 4 of 17 US 9,002,861 B2 

FG.7 

FG8 
  



U.S. Patent Apr. 7, 2015 Sheet 5 Of 17 US 9,002,861 B2 

  



U.S. Patent Apr. 7, 2015 Sheet 6 of 17 US 9,002,861 B2 

FG.10 

SATE YE NTA STAE 

TRANSiTION TYPE EVEN a 

poinTER TO TRANSiTION POSIONANEON 
DESTNAON NOE ABOU NODE WOSE 

SAE NBER S 2 

  

  

  

  

    

  



U.S. Patent Apr. 7, 2015 Sheet 7 Of 17 US 9,002,861 B2 

  



U.S. Patent Apr. 7, 2015 Sheet 8 of 17 US 9,002,861 B2 

  



U.S. Patent Apr. 7, 2015 Sheet 9 Of 17 US 9,002,861 B2 

FG, 17 

  



U.S. Patent Apr. 7, 2015 Sheet 10 of 17 US 9,002,861 B2 

FIG.19 

  



U.S. Patent Apr. 7, 2015 Sheet 11 of 17 US 9,002,861 B2 

FG.2O 

STAir 

SO 

SEWA. O. O. 

DOES EVEN 
S EXST? SO3 

READ IN WALUE OF EVENTS 

NWOKE EVERY NORi.A. 
TRANSTON OF AUTOMATON N(P) 
ASSOCATED WITH EVENTS 

NWOKE EVERY e-TRANSON, E 
TRANSiTION AND & RANSONoF 

AUTOMATONNP) 
SO8. 

NCREEN 8Y 

ENO 

  

  

  

  



U.S. Patent Apr. 7, 2015 Sheet 12 of 17 US 9,002,861 B2 

FG.21 
SART 

S20 

SE: VALUE OF TO t, 
WAJE OF KO 8 

S2O2 
O3S 

STATE EXIST? 

YES 
S HERE 

NORMATRANSON 
FROM STATE ASSOCATED 

Wii EVENT SE 

YES 
S205 

is STATE 
NASAE? O 

ADO CRRENE ME 
iO EVEN SE: OF 

STATE 

ASSGN & O SAE NEWSER 
O BESTNATON OR NORMA 
TRANSiTION FROM STATE 

ovERWR Te EVENT SET of 
SA: K W H EVENT SE OF 

STATE 

S209 
S STATEK 
NAi STATE 

OT SET OF WAUES N 
EVEN SET OF SAE k ANC 

S204 

NCREMENT 
BY 

EN) 

    

  

  

  

  

  

  

  



U.S. Patent Apr. 7, 2015 Sheet 13 of 17 US 9,002,861 B2 

FG.22 

SEWALUE OF 'O VALUE 
Or k OO 

S3) O S 

S HERE NO STATE 2 

NO 

E-i RANSiTIONOR 
e-TRANSiTION? 

REAE TO E-TRANSON 

S30 

YES 

TRANSiTION NO 

O8EAN PRO CSET OF O3AN NON OF EVEN SS 
WEN SETS OF SAES OF 8- - RANSTON'SöURCES OF OF STATES OF e-TRANSiTION 

SOURCES OF STATE, AND AE AN ASSGN OBTANE) SEAN AsSS EVEN SE ASSGN C3ANE) NON O 
OF STATE EVENT SET OF STATE 

S308 
S STATE FINAi STATE 

OUT SE OF WAUES. N. 
WEN SE OR SAE KAN) 

NCREMENT BY 

  



U.S. Patent Apr. 7, 2015 Sheet 14 of 17 US 9,002,861 B2 

g-KANS (N 3 
STATE 2 

ASSGN ONE OF NO-YET-PROCESSED 
STATE NUMBERS OF TRANSiTION 
DESTINATIONS OF STATE TOk 

HAWE A. re 
NORMA - RANSONS 
FROM STATE BEEN 

PROCESSE} 

YES 

INCREMENT BY 1 

  

    

  

  

  

  

    

  



U.S. Patent Apr. 7, 2015 Sheet 15 Of 17 US 9,002,861 B2 

FG.24 

ME COPEXTY 

fiTOT TH 
MAX. WAXN 
AEC-ING MACNG WAC-NC ACEG 
NERWA NRWA NERWA NERWA 

iO CAON 

C (min O (mw O (m) O (m) OUTPUT ONLY 

FIG.25 

SPACE COMEXY 

WTO WT 
AX WAX}, 

Niyi 
MATCHING) 

COMER 

2O: 282 2O3 2O. 28 

| NP | | READING | INTERFACE CU EyCE DS-AY EWCE EWCE 

RAM -ARD OSK OEWC 

ASE.8xx ASE.Rxx 3UONG 
33NG ROCESS RCEGRAN 

2O6 27 

ATACN AUTCAON 
BitNG PROCESS GENERATNG PROGRAM 

26C 2: C 

if, CHNG 
ROCESS VAC-:NG ROGRAW 

  

  

  

  

  

  

  

  

    

    

  

    

  



U.S. Patent Apr. 7, 2015 Sheet 16 of 17 US 9,002,861 B2 

...yzazyxzczzbezy''' 

{3 10b 10, iod 

FG.27 

EVEN OESCRPON 

SSANCE OF S: BY 
RSON N CHARGE 

A PROVA BY ESPONSBE 
DEPAREN CEF 8 
APROVA BY RESPONSEE 
EPARTMEN CEF C 

APROVA BY OEArNEN 
CEF 

A-ROWA BY DECORE 

AprOVA BY SECON 
CHEF X 

OGN RECRES FROM USER 

OR PROCESS 

  



US 9,002,861 B2 Sheet 17 of 17 Apr. 7, 2015 U.S. Patent 

FG.28 
  



US 9,002,861 B2 
1. 

MATCHING DEVICE AND 
COMPUTER-READABLE STORAGE 

MEDIUM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based upon and claims the benefit of 
priority of the prior Japanese Patent Application No. 2011 
107354, filed on May 12, 2011, the entire contents of which 
are incorporated herein by reference. 

FIELD 

The embodiment discussed herein is directed to matching 
devices and the like. 

BACKGROUND 

As network technology and sensortechnology develop and 
proliferate, event stream processing aimed at real-time pro 
cessing of sequences of events that occur in high Volume 
every moment has received attention. A sequence of events is 
referred to as an event stream hereinafter. In the field of event 
stream processing, importance is placed on event-pattern 
matching technology of detecting a pattern of arrival order of 
events, and various methods have been proposed. 

It is desired that event pattern matching has, for instance, 
three features described below. A first one of the features is 
described. It is preferable for the event pattern matching to 
ignore a noise event mixed in an event stream while perform 
ing matching. Meanwhile, a noise event denotes an event 
other than target events to be subjected to matching. 
A second one of the features is described. It is preferable 

for the event pattern matching to perform efficient matching 
of various pattern expressions. Such as a conjunction pattern 
and a disjunction pattern. For instance, a conjunction pattern 
of an event A and an event B is denoted as “A&B. If both the 
events A and B are contained in an event stream in no par 
ticular order, A&B has been matched. A disjunction pattern 
of an event A and an event B is denoted as “AvB.' If any one 
of the events A and B is contained in an event stream, “AvB' 
has been matched. 
A third one of the features is described. It is preferable for 

the event pattern matching to detect not only matching 
completion time of event pattern matching on an event stream 
in real time but also matching start time of event pattern 
matching on the event stream in real time. 

Next, an example of a conventional technique for event 
pattern matching is described. FIG. 26 is a diagram for 
explaining the conventional technique according to A. Dem 
ers, et al., “Cayuga: A General Purpose Event Monitoring 
System.” Proc. CIDR, 2007. As illustrated in FIG. 26, an 
event stream 10 contains events “a”, “b”, “c”, “d', 'e', ''x'', 
“y”, and “Z”. FIG. 27 is a diagram where events and descrip 
tions about the events are associated with each other. As 
illustrated in FIG. 27, the event a represents issuance of a slip 
by a person in charge; the event b represents approval by a 
responsible department chief B; the event c represents 
approval by a responsible department chief C; the event d 
represents approval by a department chief D. The event e 
represents approval by a director E: the event X represents 
approval by a section chief X; the eventy represents a login 
request from a user; the event Z represents other process. 
Assumed herein is a system that detects in real time only a 

slip that is processed through a proper process procedure and 
Solicits settlement from a president. The proper process pro 
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2 
cedure is assumed as an event pattern P(a, ((b&c)vd), e). 
This event pattern P denotes that patterns 1, 2, and 3 below are 
executed in order. The patterns 1, 2, and 3 may contain a noise 
event(s) therebetween. 
The pattern 1 is issuance of a slip by a person in charge. The 

pattern 1 corresponds to “a” in the event pattern P. 
The pattern 2 is execution of any one of sub-patterns 1 and 

2 below. The sub-pattern 1 is approval by both the responsible 
department chief Band the responsible department chief C in 
no particular order. The sub-pattern 2 is approval by the 
department chiefD. The pattern 2 corresponds to “(b&c)vd) 
in the event pattern P. 
The pattern 3 is approval by the director E. The pattern 3 

corresponds to 'e' in the event pattern P. 
With a conventional technique according to J. Agrawal, et 

al., “Efficient Pattern Matching over Event Streams. Proc. 
SIGMOD, 2008, the event pattern P is compared with the 
event stream 10 illustrated in FIG. 26. As a result, matching of 
the event a is performed at a position 10a in the event stream 
10, and matching of the event c is performed at a position 10b. 
Furthermore, matching of the event b is performed at a posi 
tion 10c, and matching of the event e is performed at a posi 
tion 10d; hence, matching of the event pattern P is completed. 
According to the conventional technique, a settlement request 
notification is transmitted to the president when the matching 
is completed. 

Meanwhile, in the conventional technique, comparison 
between an event pattern and an event stream is performed by 
building and utilizing a nondeterministic finite automaton 
(NFA) that corresponds to the event pattern. A nondetermin 
istic finite automaton is abbreviated as an automaton herein 
after. FIG.28 is a diagram illustrating a conventional automa 
ton built from an event pattern. An automaton 20 illustrated in 
FIG. 28 is an automaton corresponding to the event pattern 
P=(a, ((b&c)vd), e). 
The automaton 20 joins nodes 21, 22, 23a to 23f. 24a to 24f. 

25a to 25f. 26a to 26f 27, and 28. With the conventional 
technique, all the combinations of occurrence order of “b. 
“c. and “d' are expressed with the nodes 23a to 23f. 24a to 
24f 25a to 25f, and 26a to 26f to adapt to the conjunction 
pattern “b&c&d” of the event pattern P. Occurrence of an 
event over an arrow invokes a node transition of the automa 
ton 20. For instance, a transition from the node 21 to the node 
22 is invoked by arrival at the position of the event a in the 
event Stream. 

Meanwhile, “e' of the automaton 20 represents an e-tran 
sition. For instance, when a transition from the node 21 to the 
node 22 is invoked, e-transitions from the node 22 to the 
nodes 23a to 23fare invoked. 

For instance, when an event stream is assumed as “a, b, c, 
d, and e. matching is completed by transitions in the order of 
the nodes 21, 22, 23a, 24a, 25a, 26a, 27, and 28 of the 
automaton. 20. 

However, the conventional technique described above is 
disadvantageous in being incapable of efficient event pattern 
matching by utilizing an automaton. 
When an event pattern contains a conjunction pattern, as 

illustrated in FIG. 28, an automaton is to include all the 
combinations of occurrence order of events contained in the 
conjunction pattern, which is inefficient. For instance, when a 
conjunction pattern contains m events, the number of nodes is 
O(m!). 

SUMMARY 

According to an aspect of an embodiment of the invention, 
a matching device includes a parse-tree building unit that 
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builds a parse tree based on an event pattern, the event pattern 
including a first pattern of a single event, a second pattern 
where every event of a plurality of events occurs in no par 
ticular order, and a third pattern where any one event of a 
plurality of events occurs, and representing an occurrence 
order of the first pattern, the second pattern, and the third 
pattern, by associating an event node corresponding to each 
event, an AND node representing a relationship between the 
events in the second pattern, and an OR node representing a 
relationship between the events of the third pattern together in 
a tree structure; an automaton building unit that builds an 
automaton by performing a process of joining child nodes of 
the AND node in parallel to the AND node and a process of 
joining child nodes of the OR node in parallel to the OR node 
while traversing the parse tree; and a matching unit that 
performs matching of determining whether an event stream 
that includes a plurality of event occurrence orders includes 
the event pattern by comparing the event stream with the 
automaton in Succession, causing a transition to the AND 
node of the automaton to start after transitions from all tran 
sition source nodes which transit to the AND node have been 
invoked, and causing a transition to the OR node of the 
automaton to start after a transition from any one of transition 
source nodes which transit to the OR node has been invoked. 
The object and advantages of the embodiment will be 

realized and attained by means of the elements and combina 
tions particularly pointed out in the claims. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the embodi 
ment, as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram illustrating the configuration of a 
matching system according to an embodiment of the present 
invention; 

FIG. 2 is a functional block diagram illustrating the con 
figuration of a matching device according to the embodiment; 

FIG.3 is a diagram illustrating an example data structure of 
an event Stream; 

FIG. 4 is a diagram illustrating an example parse tree; 
FIG. 5 is a first diagram for explaining an automaton con 

struction method employed by an automaton building unit; 
FIG. 6 is a second diagram for explaining the automaton 

construction method employed by the automaton building 
unit; 

FIG. 7 is a third diagram for explaining the automaton 
construction method employed by the automaton building 
unit; 

FIG. 8 is a fourth diagram for explaining the automaton 
construction method employed by the automaton building 
unit; 

FIG. 9 is a diagram for explaining an automaton building 
process; 

FIG. 10 is a diagram illustrating an example data structure 
of a node, 

FIG. 11 is a first diagram for explaining processes of a 
matching unit; 

FIG. 12 is a second diagram for explaining the processes of 
the matching unit; 

FIG. 13 is a third diagram for explaining the processes of 
the matching unit; 

FIG. 14 is a fourth diagram for explaining the processes of 
the matching unit; 

FIG. 15 is a fifth diagram for explaining the processes of 
the matching unit; 
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4 
FIG. 16 is a sixth diagram for explaining the processes of 

the matching unit; 
FIG. 17 is a seventh diagram for explaining the processes 

of the matching unit; 
FIG. 18 is an eighth diagram for explaining the processes 

of the matching unit; 
FIG. 19 is a ninth diagram for explaining the processes of 

the matching unit; 
FIG. 20 is a flowchart illustrating a process procedure for 

the matching device; 
FIG. 21 is a flowchart illustrating a process procedure for a 

process for invoking a normal transition; 
FIG.22 is a flowchart illustrating a process procedure for a 

process for invoking an e-transition, an e-transition, and an 
e-transition; 

FIG. 23 is a flowchart illustrating a process procedure for a 
process related to the e-transition; 

FIG. 24 is a diagram illustrating a result of comparison 
among time complexities and space complexities; 

FIG. 25 is a diagram illustrating an example of a computer 
that executes a matching program; 

FIG. 26 is a diagram for explaining a conventional tech 
nique; 

FIG. 27 is a diagram where events and descriptions about 
the events are associated with each other, and 

FIG. 28 is a diagram illustrating a conventional automaton 
built from an event pattern. 

DESCRIPTION OF EMBODIMENT 

Preferred embodiments of the present invention will be 
explained with reference to accompanying drawings. Note 
that the embodiments are not intended to limit the scope of the 
present invention. 
An example configuration of a matching system according 

to an embodiment of the present invention will be described. 
FIG. 1 is a diagram illustrating the configuration of the match 
ing system according to the present embodiment. As illus 
trated in FIG. 1, this matching system includes an event 
stream generator 40, a user terminal 50, and a matching 
device 100. The matching device 100 is connected to the 
event stream generator 40 and the user terminal 50 via a 
network 30. 
The event stream generator 40 is a device that generates an 

event stream that contains a plurality of sequences of events. 
The event stream generator 40 transmits information about 
the event stream to the matching device 100. 
The user terminal 50 is a device that transmits an event 

pattern to the matching device 100 and receives a matching 
result from the matching device 100. 
The matching device 100 is a device that performs match 

ing of determining whether an event pattern is contained in an 
event stream. The matching device 100 transmits a matching 
result to the user terminal 50. 
The configuration of the matching device 100 illustrated in 

FIG. 1 will be described. FIG. 2 is a functional block diagram 
illustrating the configuration of the matching device accord 
ing to the present embodiment. As illustrated in FIG. 2, the 
matching device 100 includes a communication unit 110, an 
input unit 120, a display unit 130, a storage unit 140, and a 
control unit 150. 
The communication unit 110 is a processing unit that car 

ries outdata communications with the event stream generator 
40 and the user terminal 50 via the network 30. The control 
unit 150, which will be described later, receives information 
about an event stream and an event pattern via the communi 
cation unit 110. The communication unit 110 can be embod 
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ied as a communication device, a communication card, or the 
like that carries out data communications using a predeter 
mined communication protocol. 
The input unit 120 is an input device for use by a user to 

enter various information pieces to the matching device 100. 
For instance, the input unit 120 can be embodied as a key 
board, a mouse, or a touch panel. The display unit 130 is a 
display device that displays various types of information. For 
instance, the display unit 130 can be embodied as a display or 
a touch panel. 
The storage unit 140 stores an event pattern 140a, a parse 

tree 140b, an automaton 140C, and an event stream 140d. The 
storage unit 140 can be embodied as, for instance, a semicon 
ductor memory device Such as random access memory 
(RAM), read only memory (ROM), or flash memory, or a 
storage device Such as a hard disk or an optical disk. 
The event pattern 14.0a is an event pattern for use in match 

ing against the event stream 140d. In the present embodiment, 
the event pattern 140a is assumed as, for example, P=(a, 
((b&c)vd), e). Of this event pattern, a, b, c, d, and e corre 
spond to the event a, the event b, the event c, the event d, and 
the event e, respectively. 
Of an event pattern, "&" is a symbol denoting an operation 

of performing matching of all corresponding events in no 
particular order. For instance, A&B' is a conjunction pattern 
where matching of each of the events A and B is to be per 
formed in no particular order. “v' is a symbol denoting an 
operation of performing matching of at least one of corre 
sponding events. For instance, “AvB' is a disjunction pattern 
where matching of at least one of the events A and B is to be 
performed. 
Of an event pattern, “” denotes a delimiter of the pattern. 

Matching of an event pattern is performed in Succession from 
a event on the left. For instance, when an event pattern is 
“P=a. ((b&c)vd), e.” matching is performed in the order of 
“a” “(b&c)vd,” and “e.” 
The parse tree 140b is a parse tree built from the event 

pattern 140a. The automaton 140c is a nondeterministic finite 
automaton built from the parse tree. 
The event stream 140d is data that contains a sequence of a 

plurality of events. FIG.3 is a diagram illustrating an example 
data structure of the event stream 140d. As illustrated in FIG. 
3, the event stream 140d is stored such that the event stream 
representing the sequence of the events and times, at which 
the events have occurred, are associated with each other. 

The control unit 150 includes a data acquiring unit 150a, a 
parse-tree building unit 150b, an automaton building unit 
150c, and a matching unit 150d. For instance, the control unit 
150 is embodied as an integrated device. Such as an applica 
tion specific integrated circuit (ASIC) or a field program 
mable gate array (FPGA). The control unit 150 can be embod 
ied as, for instance, electric circuit Such as a central 
processing unit (CPU) or a micro processing unit (MPU). 
The data acquiring unit 150a is a processing unit that 

acquires an event stream from the event stream generator 40 
and acquires an event pattern from the user terminal 50. The 
data acquiring unit 150a causes the storage unit 140 to store 
the event stream and the event pattern as the event pattern 
140a and the event stream 140d, respectively. 
The parse-tree building unit 150b is a processing unit that 

builds the parse tree 140b from the event pattern 140a. The 
parse-tree building unit 150b causes the storage unit 140 to 
store the built parse tree 140b. 
When the event pattern is “P=(a, (b&c)vd), e), the parse 

tree building unit 150b builds the parse tree illustrated in FIG. 
4. FIG. 4 is a diagram illustrating an example parse tree. As 
illustrated in FIG. 4, the parse tree 140b includes nodes 61 to 
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6 
69. Of the nodes, the nodes 61 to 65 are event nodes corre 
sponding to “a” “b,” “c” “d', and “e of the event pattern 
140a. The nodes 66 to 69 are computing nodes corresponding 
to symbols “”, “”, “w” and “&” of the event pattern 140a. 

For instance, the parse-tree building unit 150b builds the 
parse tree 140b by setting computing nodes to nodes of the 
parse tree and joining corresponding event nodes to the com 
puting nodes while traversing the event pattern 140a. The 
parse-tree building unit 150b may utilize any conventional 
technique to build the parse tree 140b from the event pattern 
140a. 
The automaton building unit 150c is a processing unit that 

builds the automaton 140c from the parse tree 140b. The 
automaton building unit 150c causes the storage unit 140 to 
store the built automaton 140c. 

For instance, the automaton building unit 150c builds the 
automaton 140c by using the “Thompson automaton' con 
struction method of a conventional technique described in G. 
Navarro and M. Raffinot “Flexible Pattern Matching in 
Strings.” (Section 5), Cambridge University Press, 2002. The 
automaton construction method employed by the automaton 
building unit 150c is described below. FIG. 5 to FIG. 8 are 
diagrams for explaining the automaton construction method 
employed by the automaton building unit. 
An automaton for a single event is illustrated in FIG. 5. 

FIG. 5 illustrates an automaton for a single event “P=a.” The 
automaton building unit 150c builds an automaton that 
includes a node 1a and a node 1b joined together by a tran 
sition from the node 1a to the node 1b. 
An automaton for a non-consecutive concatenation pattern 

is illustrated in FIG. 6. The non-consecutive concatenation 
pattern is an event pattern that includes a plurality of events 
and a noise event. FIG. 6 illustrates an automaton for a non 
consecutive concatenation pattern P=(P1, P2). The automa 
ton building unit 150c links an automaton A1 corresponding 
to a pattern P1 and an automaton A2 corresponding to a 
pattern P2 with a node 2b as illustrated in FIG. 6. The automa 
ton building unit 150c builds the automaton, in which a tran 
sition from a node 2a to the node 2b is caused by the pattern 
P1, while a transition from the node 2b to a node 2c is caused 
by the pattern P2. 
The automaton illustrated in FIG. 6 is an automaton that 

performs non-consecutive matching. More specifically, this 
automaton recognize that P=(P1, P2) has matched even when 
P2 is matched after an event sequence has arrived after P1 has 
been matched. 
An automaton for a disjunction pattern is illustrated in FIG. 

7. FIG. 7 illustrates an automaton for a disjunction pattern 
P=(P1 vP2). The automaton building unit 150cjoins a node 3a 
and a node 3b together, and the node 3a and a node 3d 
together. The automaton building unit 150c links the automa 
ton A1 corresponding to the pattern P1 and the automaton A2 
corresponding to the pattern P2 by e-transitions downstream 
of the node 3a and e-transitions upstream of a node 3f. 

In FIG.7, the transition from the node 3a to the node 3b and 
the transition from the node 3a to the node 3d are set to 
e-transitions. For instance, when transition from a node to the 
node 3a occurs, the transition from the node 3a to the node 3b 
and the transition from the node 3a to the node 3d are invoked. 

In FIG. 7, transition from a node 3c to the node 3f and 
transition from a node 3e to the node 3fare set to e-transi 
tions. For instance, when the event P1 causes transition from 
the node 3b to the node 3c to occur, the e-transition from the 
node 3c to the node 3f is invoked. Likewise, when the event P2 
causes transition from the node 3d to the node 3e to occur, the 
e-transition from the node 3e to the node 3fis invoked. The 
node 3f is a node transition thereto starts after receiving any 
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one of the ey-transitions, which are the e-transition from the 
node 3c and the e-transition from the node 3e. Such the node 
3f is referred to as an OR node. 
An automaton for a conjunction pattern is illustrated in 

FIG. 8. FIG. 8 illustrates an automaton for a conjunction 
pattern P=(P1&P2). The automaton building unit 150cjoins a 
node 4a and a node 4b together, and the node 4a and a node 4d 
together. The automaton building unit 150c links the automa 
ton A1 corresponding to the pattern P1 and the automaton A2 
corresponding to the pattern P2 by e-transitions downstream 
of the node 4a and e-transitions upstream of a node 4f. 

In FIG. 8, the transition from the node 4a to the node 4b and 
the transition from the node 4a to the node 4d are set to 
e-transitions. Description about the e-transitions is similar to 
that pertaining to FIG. 7. 

In FIG. 8, transition from a node 4c to the node 4f and 
transition from a node 4e to the node 4fare set to e-transi 
tions. For instance, when the event P1 causes transition from 
the node 4b to the node 4c to occur, the e-transition from the 
node 4c to the node 4f is invoked. Likewise, when the event P2 
causes transition from the node 4d to the node 4e to occur, the 
e-transition from the node 4e to the node 4f is invoked. The 
node 4f is a node transition thereto starts after receiving both 
the e-transitions, which are the e-transition from the node 
4c and the e-transition from the node 4e. Such the node 4f is 
referred to as an AND node. 
An example of a process, performed by the automaton 

building unit 150c, for building the automaton 140c from the 
parse tree 140b by using the automaton construction method 
illustrated in FIG. 5 to FIG.8 will be described below. FIG.9 
is a diagram for explaining the automaton building process. 
The parse tree 140b, from which the automaton is to be built, 
is assumed to have the data structure illustrated in FIG. 4. 
The automaton building unit 150c recursively performs, 

while bottom-up traversing the parse tree, a process of build 
ing an automaton for each computing node that has child 
nodes, both of which are event nodes, in the parse tree. Note 
that the node for which an automaton has been built is 
regarded as an event node. 

This will be described specifically with reference to FIG. 4 
and FIG. 9. In the parse tree 140b of FIG.4, portions where a 
computing node has child nodes, both of which are event 
nodes, are the nodes 69, 62, and 63. The node 69 is a “& 
computing node; accordingly, a pattern for the nodes 62, 63. 
and 69 is a conjunction pattern P=(b&c). Therefore, the 
automaton building unit 150c builds an automaton 5 for the 
conjunction pattern P=(b&c). 
As illustrated in atop box in FIG.9, the automaton building 

unit 150cjoins a node 5a and a node 5b together, and the node 
5a and a node 5d together. The automaton building unit 150c 
joins the node 5b and a node 5c together, and the node 5d and 
a node 5e together. The automaton building unit 150c joins 
the node 5c and a node 5ftogether, and the node 5e and the 
node 5f together. The automaton building unit 150c then 
builds the automaton 5, in which transition from the node 5b 
to the node 5c is caused by the event b, while transition from 
the node 5d to the node 5e is caused by the event c. 

The automaton building unit 150c sets, in the automaton 5, 
transition from the node 5a to the node 5b and transition from 
the node 5a to the node 5d to e-transitions. The automaton 
building unit 150c sets transition from the node 5c to the node 
5f and transition from the node 5e to the node 5ftoe-tran 
sitions. The automaton building unit 150c sets the node 5f as 
an AND node. 
A process after the automaton 5 has been built by the 

automaton building unit 150c is described below. In the parse 
tree 140b of FIG. 4, portions where a computing node has 
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8 
child nodes, both of which are event nodes, are a group of 
nodes corresponding to the automaton 5 and the nodes 64 and 
68. The node 68 is a “w” computing node; accordingly, a 
pattern for the node group corresponding to the automaton 5 
and the nodes 64 and 68 is a disjunction pattern P=(P5vd). P5 
corresponds to the nodes 62, 63, and 69 of the automaton 5. 
The automaton building unit 150c builds an automaton 6 for 
the disjunction pattern P=(P5vd). 
As illustrated in a second box in FIG. 9, the automaton 

building unit 150c joins a node 6a and the node 5a together, 
the node 6a and a node 6b together, and the node 6b and a 
node 6c together. The automaton building unit 150c joins the 
node 5f and a node 6d together, and the node 6c and the node 
6d together. The automaton building unit 150c builds the 
automaton 6, in which transition from the node 6b to the node 
6c is caused by the event d. Description about the automaton 
5 contained in the automaton 6 is similar to that described 
above. 
The automaton building unit 150c sets, in the automaton 6, 

transition from the node 6a to the node 5a and transition from 
the node 6a to the node 6b to e-transitions. The automaton 
building unit 150c sets transition from the node 5f to the node 
6d and transition from the node 6c to the node 6d to e 
transitions. The automaton building unit 150c sets the node 6d 
as an OR node. 
A process after the automaton 6 has been built by the 

automaton building unit 150c is described below. In the parse 
tree 140b of FIG. 4, portions where a computing node has 
child nodes, both of which are event nodes, are a group of 
nodes corresponding to the automaton 6 and the nodes 65 and 
67. The node 67 is a '.' computing node; accordingly, a 
pattern for the node group corresponding to the automaton 6 
and the nodes 65 and 67 is a non-consecutive concatenation 
pattern P=(P6, e). P6 corresponds to the nodes 62,63, 64, 68. 
and 69 of the automaton 6. The automaton building unit 150c 
builds an automaton 7 for the non-consecutive concatenation 
pattern P=(P6, e). 
As illustrated in a third box in FIG. 9, the automaton 

building unit 150c joins the node 6d and a node 7a together. 
The automaton building unit 150c builds the automaton 7, in 
which transition from the node 6d to the node 7a is caused by 
the event e. Description about the automaton 6 contained in 
the automaton 7 is similar to that described above. 
A process after the automaton 7 has been built by the 

automaton building unit 150c is described below. In the parse 
tree 140b of FIG. 4, portions where a computing node has 
child nodes, both of which are event nodes, are a group of 
nodes corresponding to the automaton 7 and the nodes 61 and 
66. The node 66 is a '.' computing node; accordingly, a 
pattern for the node group corresponding to the automaton 7 
and the nodes 61 and 66 is a non-consecutive concatenation 
pattern P=(P7, a). P7 corresponds to the nodes 62, 63, 64, 65, 
67, 68, and 69 of the automaton 7. The automaton building 
unit 150c builds an automaton 8 for the non-consecutive 
concatenation pattern P=(P7, a). 
As illustrated in a fourth box in FIG. 9, the automaton 

building unit 150c joins a node 8a and the node 6a together. 
The automaton building unit 150c then builds the automaton 
8, in which transition from the node 8a to the node 6a is 
caused by the event a. Description about the automaton 7 
contained in the automaton 8 is similar to that described 
above. 
A process after the automaton 8 has been built by the 

automaton building unit 150c is described below. The 
automaton building unit 150c specifies the node 8a, which is 
a start node of the automaton 8, as an initial State. The automa 
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ton building unit 150c also specifies the node 7a, which is an 
end node of the automaton 8, as a final State. 
The automaton building unit 150c also assigns a state num 

ber to each of the nodes 5a to 5f. 6a to 6d. 7a, and 8a of the 
automaton 8. The automaton building unit 150c assigns the 
state numbers such that the state numbers are in ascending 
order on any path from the initial state to the final state. In the 
example illustrated in a fifth box in FIG. 9, the automaton 
building unit 150c assigns state numbers 1,2,3,4, and 5 to the 
nodes 8a, 6a, 5a, 5b, and 5c. The automaton building unit 
150c assigns state numbers 6, 7, and 8 to the nodes 5d., 5e, and 
5f. The automaton building unit 150c assigns state numbers 9, 
10, 11, and 12 to the nodes 6b, 6c, 6d, and 7a. 
As described above, the automaton building unit 150c 

builds the automaton 140c from the parse tree 140b by per 
forming the process illustrated in FIG. 9. 
An example data structure of a node contained in the 

automaton 140c illustrated in FIG.9 is described below. FIG. 
10 is a diagram illustrating an example data structure of a 
node. As illustrated in FIG. 10, the node includes a state 
number, a state type, a transition type, a pointer to a transition 
destination node, and an event set. When there are a plurality 
of transition destination nodes, there are a plurality of point 
ers to the transition destination nodes. 
The state number is a unique number assigned to each 

node. The state type corresponds to a type of a state of a node. 
For instance, “initial state.” “final state.” “&-merged state.” or 
“v-merged State' is stored according to the node as the state 
type. Meanwhile, the &-merged state indicates that the node 
is an AND node. The v-merged state indicates that the node is 
an OR node. 
As the transition type, a type of an event by which transi 

tion is to be caused, e-transition, e-transition, or e-transi 
tion is stored according to the node. As each of the pointers to 
transition destination nodes, positional information about the 
transition destination node is stored. As the event set, a time of 
the event stream at a point in time when transition of the node 
of the initial state is invoked. As the event set, a time is stored 
by the matching unit 150d, which will be described later. 

FIG. 10 illustrates the data structure of a node correspond 
ing to the node 8a of FIG.9. The state number of the node 8a 
is “1,” while the state type of the same is “initial state.” 
Transition of the node 8a is invoked by the event a: accord 
ingly, the transition type is “event a.” The state number of a 
transition destination node of the node 8a is “2; accordingly, 
the pointer to the transition destination node is "positional 
information about the node whose state number is 2.” 

Description with reference to FIG. 2 is continued. The 
matching unit 150d is a processing unit that performs match 
ing of the event stream 140dby utilizing the automaton 140c. 
The matching unit 150dprovides a notification of a matching 
result to the user terminal 50. For instance, the matching 
result includes a start time and an end time of the event pattern 
14.0a on the event stream 140d. 

Processes of the matching unit 150d will be described 
specifically. While traversing the events of the event stream 
140d one by one, the matching unit 150d performs compari 
son with each node of the automaton 140c, and invokes a 
normal transition, an e-transition, an e-transition, or an e 
transition depending on the event. The matching unit 150d 
enters a time of the event stream 140d at a point in time when 
transition from the initial state is started to an event set of the 
initial state. The matching unit 150d overwrites an event set of 
a transition destination with an event set of a transition Source 
each time when the matching unit 150d invokes an e-transi 
tion, an es-transition, or an ev-transition. 
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10 
Meanwhile, as for an AND node of the automaton 140c, the 

matching unit 150d causes transition to start after all e-tran 
sitions have been invoked. The matching unit 150doverwrites 
the event set of the AND node with a value that is common to 
event sets of transition source nodes of the e-transitions. 
As for an OR node of the automaton 140c, the matching 

unit 150d causes transition to start after any one of e-transi 
tions has been invoked. The matching unit 150d overwrites 
the event set of the OR node with all values each contained in 
at least any one of event sets of transition Source nodes of the 
e-transitions. 
The matching unit 150d assumes that matching is com 

pleted at a point in time when transition to the final state is 
invoked, and outputs a start time and an end time. 
The processes of the matching unit 150d will be described 

using the drawings. FIG. 11 to FIG. 19 are diagrams for 
explaining the processes of the matching unit. In the descrip 
tion using FIG. 11 to FIG. 19, each node is distinguished by a 
state number. Hereinafter, nodes with state numbers 1 to 12 
are referred to as states 1 to 12. The event stream illustrated in 
FIG. 3 is used as the event stream 140d, against which the 
automaton 140c is to be compared. 

Description about FIG. 11 is provided below. The match 
ing unit 150d assigns empty sets as event sets of the states 1 to 
12. In FIG. 11, “{ }” indicates an event set corresponding to 
each of the states. As illustrated in FIG. 11, each of the event 
sets is an empty set. 

Provided below is description of FIG.3 and FIG. 12. The 
matching unit 150d acquires the event “y” of time 1 from the 
event stream 140d. The automaton 140c does not include a 
normal transition associated with “y”; accordingly, no normal 
transition is invoked. The matching unit 150d invokes e-tran 
sitions, e-transitions, and e-transitions. The event set of 
each of the states is the empty set; accordingly, the event set of 
each state remains being the empty set. 
The matching unit 150d acquires the event “Z” of time 2 

from the event stream 140d. The automaton 140c does not 
include a normal transition associated with “Z”; accordingly, 
no normal transition is invoked. The matching unit 150d 
invokes e-transitions, e-transitions, and e-transitions. The 
event set of each of the states is the empty set; accordingly, the 
event set of each state remains being the empty set. 

Provided below is description of FIG.3 and FIG. 13. The 
matching unit 150d acquires the event “a” of time 3 from the 
event stream 140d. The event “a triggers a normal transition 
at the state 1. The matching unit 150d assigns “3’ to the event 
set of the state 1. The event a invokes a normal transition, and 
'3' is assigned to the event set of the state 2. 
The matching unit 150d overwrites the event sets of the 

states 3 and 9 with “3, which is the value of the event set of 
the state 2 according to e-transitions from the state 2. Simi 
larly, the matching unit 150d overwrites the event sets of the 
states 4 and 6 with "3, which is the event set of the state 3, 
according to e-transitions from the state 3. 

Provided below is description of FIG.3 and FIG. 14. The 
matching unit 150d acquires the events “Z” “y.” “X” and “Z” 
of times 4, 5, 6, and 7 from the event stream 140d one by one. 
The automaton 140c does not include a normal transition 
associated with “Z.” “y.” “X” or "z'; accordingly, no normal 
transition is invoked. The matching unit 150d invokes e-tran 
sitions, e-transitions, and e-transitions. The event set of 
each of the states 5, 7, 8, and 10 is the empty set; accordingly, 
the event sets of the states 11 and 12 remain being the empty 
SetS. 

Provided below is description of FIG.3 and FIG. 15. The 
matching unit 150d acquires the event c of time 8 from the 
event stream 140d. The event 'c' triggers a normal transition 
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at the state 6. The matching unit 150d overwrites the event set 
of the State 7 with the event set '3' of the State 6. 
The matching unit 150d calculates a product set of the 

event set of the state 5 and the event set of the state 7 and 
overwrites the state 8 with a result of the calculation. The 
product set of the event set of the state 5 and the event set of 
the state 7 is an empty set; accordingly, the event set of the 
state 8 remains being the empty set. The event sets of the 
states 10, 11, and 12 also remain being the empty set. 

Provided below is description of FIG.3 and FIG. 16. The 
matching unit 150d acquires the events “Z” and “Z” of times 9 
and 10 from the event stream 140done by one. The automaton 
140c does not include a normal transition associated with "Z. 
“Z”; accordingly, no normal transition is invoked. The match 
ing unit 150d invokes e-transitions, e-transitions, and e 
transitions. The product set of the event set of the state 5 and 
the event set of the state 7 is an empty set; accordingly, the 
event set of the state 8 remains being the empty set. The event 
sets of the states 10, 11, and 12 also remain being the empty 
Set. 

Provided below is description of FIG.3 and FIG. 17. The 
matching unit 150d acquires the event b of time 11 from the 
event stream 140d. The event “b' triggers a normal transition 
at the state 4. The matching unit 150d overwrites the event set 
of the State 5 with the event set '3' of the State 4. 
The matching unit 150d calculates a product set of the 

event set of the state 5 and the event set of the state 7 and 
overwrites the state 8 with a result of the calculation. The 
product set of the event set of the state 5 and the event set of 
the state 7 is “3. Accordingly, the matching unit 150d over 
writes the event set of the State 8 with “3. 
The matching unit 150d calculates a union of the event set 

of the state 8 and the event set of the state 9 and overwrites the 
state 11 with a result of the calculation. The union of the event 
set of the state 8 and the event set of the state 10 is “3.” 
Accordingly, the matching unit 150d overwrites the event set 
of the State 11 with “3. The event sets of the States 10 and 12 
remain being the empty set. 

Provided below is description of FIG.3 and FIG. 18. The 
matching unit 150d acquires the event e of time 12 from the 
event stream 140d. The event “e' triggers a normal transition 
at the state 11. The matching unit 150d overwrites the event 
set of the State 12 with the event set '3' of the State 11. 
The matching unit 150d outputs a matching result because 

a normal transition to the final state 11 has occurred. Of the 
matching result, a start time is “3, which is the value of the 
event set of the state 11, while an end time is “12, which is 
time when the normal transition to the state 11 has occurred. 
Although the matching unit 150d invokes e-transitions, 
e-transitions, and e-transitions, event sets of the other states 
remain unchanged. 

Provided below is description of FIG.3 and FIG. 19. The 
matching unit 150d acquires the events “Z” and “y” of times 
13 and 14 from the event stream 140d one by one. The 
automaton 140c does not include a normal transition associ 
ated with “Z” or “y”; accordingly, no normal transition is 
invoked. Although the matching unit 150d invokes e-transi 
tions, e-transitions, and e-transitions, the event set of each 
state remains unchanged. 
The matching unit 150d performs matching of the event 

stream 140d by utilizing the automaton 140c by performing 
the processes illustrated in FIG. 11 to FIG. 19 described 
above. The matching unit 150d notifies the user terminal 50 of 
the matching result. The matching unit 150d may cause the 
display unit 130 to display the matching result. 
A process procedure for the matching device 100 illus 

trated in FIG. 2 is described below. FIG. 20 is a flowchart 
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12 
illustrating the process procedure for the matching device. 
For instance, the processes illustrated in FIG. 20 are per 
formed in response to that, after the event pattern 140a and the 
event stream 140d have been acquired, the automaton 140c 
has been built. 
As illustrated in FIG. 20, the matching device 100 sets a 

value of i to 1 (S101) and determines whether an event Si 
exists (S102). Meanwhile, the event Si corresponds to an 
event of time i of the event stream 140d. 

If the event Si does not exist (No at S102), the matching 
device 100 exits the process. If the event Si exists (Yes at 
S102), the matching device 100 reads in value of event Si 
(S103). 
The matching device 100 invokes every normal transition 

of an automaton N(P) associated with the event Si (S104). 
The automaton N(P) corresponds to the automaton 140c. 
The matching device 100 invokes every e-transition, 

e-transition, and e-transition of the automaton N(P) 
(S105). The matching device 100 increments by 1 (S106), and 
the process goes to S102. 

Next, the process illustrated in S104 of FIG. 20 for invok 
ing the normal transition is described below. FIG. 21 is a 
flowchart illustrating a process procedure for the process for 
invoking the normal transition. As illustrated in FIG. 21, the 
matching device 100 sets a value of to 1 and a value of k to 
0 (S201). Note that corresponds to a state number of the 
automaton 140c. Likewise, k corresponds to a state number of 
a transition destination. 

If the statej does not exist (Yes at S202), the matching 
device 100 exits the process. If the state.jexists (No at S202), 
the matching device 100 determines whether there is a normal 
transition from the state j associated with the event Si 
(S203). 

If there is no normal transition from the state associated 
with the event Si (No at S203), the matching device 100 
increments by 1 (S204), and the process goes to S202. 

If there is a normal transition from the state j associated 
with the event Si (Yes at S203), the matching device 100 
determines whether the statej is the initial state (S205). 

If the state j is the initial state (Yes at S205), the matching 
device 100 adds i, which is the current time, to the event set of 
the statej (S206), and the process goes to S207. 
The matching device 100 assignsk to the state number of a 

destination of a normal transition from the i (S207), and 
overwrites the event set of the state k with the event set of the 
statej (S208). If the state k is not the final state (No at S209), 
the matching device 100 goes to S204. 

If the state j is the final state (Yes at S209), the matching 
device 100 outputs a set of values in the event set of the state 
k and i(S210), and the process goes to S204. 

Next, the process illustrated in S105 of FIG. 20 for invok 
ing the e-transition, the e-transition, and the e-transition is 
described below. FIG. 22 is a flowchart illustrating a process 
procedure for the process for invoking the e-transition, the 
e-transition, and the e-transition. 
As illustrated in FIG. 22, the matching device 100 sets the 

value of to 1 and the value ofk to 0 (S301). If there is no state 
j (Yes at S302), the matching device 100 exits the process. 

If there is the statej (No at S302), the matching device 100 
determines whether the transition is an e-transition or an 
e-transition (S303). If the transition is neither an e-transi 
tion nor an e-transition (No at S303), the matching device 
100 performs a process related to an e-transition (S304), and 
the process goes to S302. 

If the transition is an e-transition or an e-transition (Yes 
at S303), the matching device 100 determines whether the 
transition is an e-transition (S305). If the transition is an 
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e-transition (Yes at S305), the matching device 100 obtains 
a product set of event sets of states of e-transition sources of 
the state, and assigns the obtained product set to the event set 
of the state (S306). 

If the transition is an e-transition (No at S305), the match 
ing device 100 obtains a union of event sets of states of 
e-transition sources of the state j, and assigns the obtained 
union to the event set of the statej (S307). 

If the state j is the final state (Yes at S308), the matching 
device 100 outputs a set of values in the event set of the state 
and i(S309), increments by 1 (S.310), and the process goes 

to S302. 
If the state j is not the final state (No at S308), the process 

goes to S310. 
Next, the process procedure illustrated in S304 of FIG. 22 

for the process related to the e-transition is described below. 
FIG. 23 is a flowchart illustrating the process procedure for 
the process related to the e-transition. When there is no e-tran 
sition from the statej (No at S401), the matching device 100 
goes to S407. 
When there is an e-transition from the statej (Yes at S401), 

the matching device 100 assigns one of not-yet-processed 
state numbers of transition destinations of the state j to k 
(S402). 
The matching device 100 overwrites the event set of the 

state k with the event set of the statej (S403) and determines 
whether the state k is the final state (S404). If the state k is not 
the final state (No at S404), the matching device 100 goes to 
S4O6. 

If the state k is the final state (Yes at S404), the matching 
device 100 outputs a set of values in the event set of the state 
kandi (S405). If all the e-transitions from the statej have not 
been processed yet (No at S406), the matching device 100 
goes to S402. 

If all the e-transitions from the state have been processed 
(Yes at S406), the matching device 100 increments by 1 
(S407), and exits the process. 

Next, effects yielded by the matching device 100 according 
to the present embodiment are described below. The matching 
device 100 builds the parse tree 140b from the event pattern 
140a. The matching device 100 builds the automaton 140c by, 
while traversing the parse tree 140b, joining child nodes of an 
AND node in parallel to the AND node and joining child 
nodes of an OR node in parallel to the OR node. The matching 
device 100 performs matching of determining whether the 
event stream 140d includes the event pattern 140a by com 
paring the event stream 140d with the automaton 140c. The 
matching device 100 causes transition to the AND node of the 
automaton 140c to start after transitions from all transition 
source nodes have been invoked. The matching device 100 
causes transition to the OR node of the automaton 140c to 
start after a transition from any one of transition source nodes 
has been invoked. The matching device 100 can perform 
matching without involving all combinations of occurrence 
order of events contained in a conjunction pattern(s), which is 
an event pattern(s) expressed with “&’. Accordingly, the 
matching device 100 can perform event pattern matching 
efficiently. 

Furthermore, when a normal transition from an initial state 
occurs, the matching device 100 stores time of the event 
stream in an event set, and stores time of an event set of a 
transition Source node in an event set of a transition destina 
tion node each time. When transition to the final state has 
occurred, the matching device 100 outputs a time of an event, 
from which transition to the final State has occurred, and a 
time of the event set that is associated with the time. Accord 
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14 
ingly, the matching device 100 is capable of outputting the 
start time and the end time of the event pattern in the event 
stream as a matching result. 

Meanwhile, the processes illustrated in FIG. 2 for the 
matching unit 150d are an example, and the processes can be 
extended in various manners. First, second, third, and fourth 
alternative processes of the matching unit 150d will be 
described below one by one. 
The first alternative process is described below. The match 

ing unit 150d may employ a maximum matching interval. For 
instance, when the number of events between a start time and 
an end time is Smaller than a threshold value, the matching 
unit 150d outputs a pair of the start time and the end time as 
a matching result. Causing the matching unit 150d to perform 
Such a process as described above makes it possible to avoid 
outputting a result of matching performed with an excessively 
large interval between the start time and the end time. 
The second alternative process is described below. In the 

embodiment described above, time is stored in an event set of 
a initial state every time a normal transition from the initial 
state occurs. Accordingly, an event set of each state can con 
tain a plurality of times. In contrast, in the second alternative 
process, the matching unit 150d stores a single time of a latest 
event that has reached a certain state in the event set. 

For instance, when the eventa occurs at time 3 and a normal 
transition from the state 1 is invoked, the matching unit 150d 
assigns “3’ to the event set of the state 1. Thereafter, when the 
event a occurs again at time 15 and a normal transition from 
the state 1 is invoked, the matching unit 150d overwrites the 
event set of the state 1 with “15.” The matching unit 150d 
assigns the time of the latest event also to event sets of the 
other states. Causing the matching unit 150d to perform such 
a process as described above makes it possible to output only 
a result of matching performed with a minimum interval 
between the start time and the end time. 
The third alternative process is described below. The 

matching unit 150d stores a smallest value of values, which 
are contained in a product set of an AND node, in an event set 
of the AND node. For instance, in FIG. 19, in a situation 
where the event set of the state 5 is '3' and the event set of the 
state 7 is “15” “3’ is assigned to the event set of the state 8. 
The matching unit 150d stores a largest value of values, 

which are contained in a union of sets of an OR node, in an 
event set of the OR node. For instance, in FIG. 19, in a 
situation where the event set of the state 8 is '3' and the event 
set of the state 10 is “16.” “16' is assigned to the event set of 
the state 11. Causing the matching unit 150d to perform such 
a process as described above makes it possible to further 
enhance computation efficiency and memory efficiency of the 
storage unit. 
The fourth alternative process is described below. The 

matching unit 150d may output the pair of the start time and 
the end time only when transition to the final state occurs and 
a time of the event of the final state is replaced by another 
value. 
Time complexities and space complexities of the conven 

tional technique, the matching device according to the 
embodiment, and a matching device, which is a modification 
of the matching device, are described below. FIG. 24 is a 
diagram illustrating a result of comparison among the time 
complexities and the space complexities. In FIG. 24, m 
denotes an event pattern length, in denotes an event stream 
length, and w denotes a maximum reference interval. 
As illustrated in FIG. 24, with the conventional technique, 

time complexity in a case where no maximum matching 
interval is provided is “O(mn), while time complexity in a 
case where the maximum matching interval is provided is 
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“O(mnw). With the conventional technique, space complex 
ity in the case where no maximum matching interval is pro 
vided is “O(m,n), while space complexity in a case where the 
maximum matching interval is provided is “O(mw).” 

According to the present embodiment, time complexity in 
a case where no maximum matching interval is provided is 
“O(mn),” while time complexity in a case where the maxi 
mum matching interval is provided is "O(mnw). According 
to the present embodiment, space complexity in the case 
where no maximum matching interval is provided is 
“O(mn), while space complexity in a case where the maxi 
mum matching interval is provided is “O(mw). Thus, the 
present embodiment achieves Substantial reduction in space 
complexity as compared with the conventional technique. 

According to the modification of the embodiment for out 
putting only minimum matching by employing the second, 
third, or fourth alternative process, time complexity in a case 
where no maximum matching interval is provided is 
“O(mn), while time complexity in the case where the maxi 
mum matching interval is provided is “O(mw). According to 
the modification of the embodiment for outputting only mini 
mum matching by using the second, third, or fourth alterna 
tive process, space complexity in the case where no maximum 
matching interval is provided is “O(m), while space com 
plexity in the case where the maximum matching interval is 
provided is “O(m). Thus, the modification can improve both 
time complexity and space complexity as compared with the 
embodiment. 

Next, an example of a computer that executes a matching 
program that implements a function similar to that of the 
matching device 100 illustrated in FIG. 2 is described below. 
FIG. 25 is a diagram illustrating an example of the computer 
that executes the matching program. 
As illustrated in FIG. 25, a computer 200 includes a CPU 

201 that executes various computing processes, an input 
device 202 that receives data inputs from a user, and a display 
203. The computer 200 further includes a reading device 204 
that reads in a program and the like from a storage medium 
and an interface device 205 that exchanges data with another 
computer via a network. The computer 200 further includes 
RAM 206 that temporarily stores various types of informa 
tion pieces and a hard disk device 207. The devices 201 to 207 
are connected to a bus 208. 
The hard disk device 207 stores a parse-tree building pro 

gram 207a, an automaton generating program 207b, and a 
matching program 207c. The CPU 201 reads out the pro 
grams 207a to 207c and loads them into the RAM 206. The 
parse-tree building program 207 a functions as a parse-tree 
building process 206a. The automaton generating program 
207b functions as an automaton building process 206b. The 
matching program 207 c functions as a matching process 
206C. 

For instance, the parse-tree building process 206a corre 
sponds to the parse-tree building unit 150b. The automaton 
building process 206b corresponds to the automaton building 
unit 150c. The matching process 206C corresponds to the 
matching unit 150d. 
The programs 207a to 207 care not necessarily stored in the 

hard disk device 207 in advance. For instance, there can be 
employed a configuration where the programs are stored in 
advance in a "portable physical medium, such as a flexible 
disk (FD), compact disc (CD)-ROM, a digital versatile disc 
(DVD), a magneto optical disk, or an integrated circuit (IC) 
card to be inserted into the computer 200. The computer 200 
reads out the programs 207a to 207c therefrom and executes 
the programs. 
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16 
A matching device according to an aspect of the present 

invention yields an effect that event pattern matching can be 
performed efficiently by utilizing an automaton. 

All examples and conditional language recited herein are 
intended for pedagogical purposes to aid the reader in under 
standing the invention and the concepts contributed by the 
inventor to furthering the art, and are to be construed as being 
without limitation to such specifically recited examples and 
conditions, nor does the organization of such examples in the 
specification relate to a showing of the Superiority and infe 
riority of the invention. Although the embodiment of the 
present invention has been described in detail, it should be 
understood that the various changes, Substitutions, and alter 
ations could be made hereto without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. A matching device comprising: 
a processor; and 
a memory, wherein the processor executes: 
building a parse tree based on an event pattern representing 

an occurrence order of a first pattern, a second pattern, 
and a third pattern, 

the first pattern being a single event, 
the second pattern being a pattern where every event of a 

plurality of events occurs, 
the third pattern being a pattern where any one event of a 

plurality of events occurs, 
the parse tree associating an event node, an AND node 

representing a relationship between the events in the 
second pattern, and an OR node representing a relation 
ship between the events of the third pattern, together in 
a tree structure; 

building an automaton by performing a process of joining 
first child nodes of the AND node in parallel to the AND 
node, a process of setting a first transition from the first 
child node to the AND node, a process of joining second 
child nodes of the OR node in parallel to the OR node 
and a process of setting a second transition from the 
second child node to the OR node, while traversing the 
parse tree, wherein the first transition is invoked when 
the event of the first child node has occurred and the 
second transition is invoked when the event of the sec 
ond child node has occurred; and 

performing matching of determining whether an event 
stream that includes a plurality of event occurrence 
orders includes the event pattern by 

comparing the event stream with the automaton in Succes 
Sion, 

causing a transition to the AND node of the automaton to 
start after two of the first transitions to the AND node 
have been invoked, and 

causing a transition to the OR node of the automaton to 
start after one of the second transitions to the OR node 
has been invoked. 

2. The matching device according to claim 1, wherein the 
performing determines a start time of the event stream at 
which a transition has started, stores, every time a transition 
between nodes occurs in the automaton, the start time in an 
event set of a destination node of the transition, and, upon 
reaching a final state of the automaton, outputs an end time of 
the event stream, at which a transition to the final state has 
occurred, and the start time associated with the end time. 

3. The matching device according to claim 2, wherein the 
performing outputs the start time and the end time when 
number of events between an event corresponding to the start 
time in the event stream and an event corresponding to the end 
time is smaller than a threshold value. 
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4. The matching device according to claim 2, wherein 
when transitions to the AND node occur from different nodes 
of the automaton, the performing stores a smaller one of start 
times stored in event sets of the different nodes in an event set 
of the AND node. 

5. The matching device according to claim 2, wherein 
when transitions to the OR node occur from different nodes of 
the automaton, the performing stores a larger one of start 
times stored in event sets of the different nodes in an event set 
of the OR node. 

6. A non-transitory computer readable storage medium 
having stored therein a matching program, the matching pro 
gram causing a computer to execute a process comprising: 

building a parse tree based on an event pattern representing 
an occurrence order of a first pattern, a second pattern, 
and a third pattern, 

the first pattern being a single event, 
the second pattern being a pattern where every event of a 

plurality of events occurs, 
the third pattern being a pattern where any one event of a 

plurality of events occurs, 
the parse tree associating an event node, an AND node 

representing a relationship between the events in the 
second pattern, and an OR node representing a relation 
ship between the events of the third pattern together in a 
tree structure; 

building an automaton by performing, while traversing the 
parse tree stored in the storage device, a process of 
joining first child nodes of the AND node in parallel to 
the AND node, a process of setting a first transition from 
the first child node to the AND node, a process of joining 
second child nodes of the OR node in parallel to the OR 
node and a process of setting a second transition from the 
second child node to the OR node: 

storing the automaton in a storage device; and 
performing matching of determining whether an event 

stream that includes a plurality of event occurrence 
orders includes the event pattern by 
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18 
comparing the event stream with the automaton in Succes 

Sion, 
causing a transition to the AND node of the automaton to 

start after two of the first transitions to the AND node 
have been invoked, and 

causing a transition to the OR node of the automaton to 
start after one of the second transitions to the OR node 
has been invoked. 

7. The non-transitory computer readable storage medium 
according to claim 6, wherein the performing matching 
includes: determining a start time of the event stream where a 
transition has started; storing, every time a transition between 
nodes occurs in the automaton, the start time in an event set of 
a destination node of the transition, and upon reaching a final 
state of the automaton, outputting an end time of the event 
stream, at which a transition to the final state has occurred, 
and the start time associated with the end time. 

8. The non-transitory computer readable storage medium 
according to claim 7, wherein the performing matching 
includes outputting the start time and the end time when 
number of events between an event corresponding to the start 
time of the event stream and an event corresponding to the end 
time is smaller than a threshold value. 

9. The non-transitory computer readable storage medium 
according to claim 7, wherein the performing matching 
includes, when transitions to the AND node occur from dif 
ferent nodes of the automaton, storing a smaller one of start 
times stored in event sets of the different nodes in an event set 
of the AND node. 

10. The non-transitory computer readable storage medium 
according to claim 7, wherein the performing matching 
includes, when transitions to the OR node occur from differ 
ent nodes of the automaton, storing a larger one of start times 
stored in event sets of the different nodes in an event set of the 
OR node. 


